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FLWIN(; GAS EXPERIMENT - Tiic next pha~e of work wl?h
the ga~ ~ystem was to perfurui rxp?rimcnt~ with re-

circuln:ing uranium hexafluolJdc. A system wnB con-
structed to produce gaa recirculatjnn in race-track

clored IOI=P ftiehiou. Its purpose w~Is to investigate
th~ Pfforlh rrn reactivity cu:,,:,,d by fluctuatlona in
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FiE. 3 - Car, ’ster and ga~ hnndling syat?m

cithur gnr. flow rate (Jr in the ~as plrssure. The

rquipr.urit used in the flr=sin~ ga~ =ptrimrnt i~
t.hewn in Firure L, The ranifiter is ~hcwi connected
to t}lc gah hand]in~ Fystm by flexible linet. and jh

rai~ed into ihw rrfl~clor 10 perform the critical
temts. As wafi tht C3SI on the atat~c cxperimim!,

thj! Sy$tt- WLS equipped b,ith doub)e wall contain-
ment, Hot nitroFcn gas clrcul~ted throu~h tht outer
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Fig. 4 - Flowin F gas experlrwnt equi;v:!;~.nt

wal; ca~,ity and :.., ir, taind t}, c ur:i:li!l~. },txa fluoride

vas r+t an api,r(,[,rjii!f.l~ high L4:,l,i:raLure.

TF.ST P4S~Ll S - Tht $Iatic ewlerj~{nts s}lowed us that,

from rcacLjvjLy c[,nkjdiraLions, Lhcre would be an ad-
v&nLage In crmflguring tl,t rc-actcr design such that
t),e gas would br cont~inrd in seven cells - a cer,tral
cell Eurr UInded by +:x o:htrh. FiF~re 5 illustrates

this ccmcept. Ttm tixp,rificnts ar~ thus a mockup of
the central cell. W’nte Carlo calcu]at~ons Fredict

a critical M6S for this confi~uration of approxi-

mately 4.9 kE. T!Iti target of the recirculating ,gas

cxperi~cnL WI* to lla~”c a uranium illvt,ncory of 700 1%
in the canister. Fc’r saiety r~asrms, th~ Illltial
tests of tht re:irculatitm SYSIIJ=S wre cond,jcted

with ● uraniuu htxafluorjdc inventory of apprcxi-
matejy 30 g ~ni a ri,rs flew rate cf 1.2 gfsrcond.

Thr fukl lmr!ing rr.akfi flcb’ was intrcased in a atcp-
wise !ashior. to the final values of 700 E and maas
flow rate of 50 gfhecond.

HYDROIJY?A!!lC COSTAIN!’fENT TESTS - The final phase of

the cxFrrjmrntal twograu cal~~ fur ttl~ d~Dcn~tr~t~~n
of buffer gas vortex flow ccnfinmmcnt of the fissiom
ing uranluu hcxafluoride fuel. The cutaw.y diagram
shown in Fig. 6 illub.traLes the flow patturn for t}lia ,

tent, while Figure7 is the Eaa handling Gystem, and
Figure 8 la the reactor core caniater. Argon buffer

Ran ia injected tt,rough the slot ~hown along the
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Fig. 7 - Vort- ?1OW ~ystem for c~vity reactor

ifingth of-the fuel canister. Host of the argon Lefits

Hclrnlck

3



...
,. . ..!... .,

.(. ,4,.-.

Fig. 8 - Vortex flow core canister assembly for
cavity reactor tests

flow exits through a perforated section in the
canister wall aEter one sweep around the cir-

cumference of the canister. The remainder
of the argon, along with the uranium hexafluoride
fuel is rcrnoved f!.on the canister through an ex-
haust port located at the ccntrr of the end wall.
Injectors located just outboard of the exhaust
port inject uranium hexafluoride continuously

into the swirl pattern of the rerrctor core.

The effluent from the exhaust aperture is a
mixture of buffeti gas and gaseous fuel. Although
initial critical tests will be made with gas flow
in a blowdo~ mode, provisions are beinp, made for
continuous operation where the fuel and buffer gas
will be separated on-line for loop operation.

A schematic diagram of the overall flow syste%
omitting cleanup devices for fission product removal
is shown In Figure 9. It consists of four major suh

systems.(9) The flrat is the core canister with the
vortex chamber

}
similar in rilze to the one used in

the prior stat c and flo~ing urnnium hexafluoridc
tests. The second Is the argon buffer gas circula-

tion system, the third is the uranium hex,lfluoride
injection system, and the fourth is th$~ uranium
hltxafluoride septlrati.on and reprocessing systums,

From the vortex chamb.r, most of the uranium

hexafluoride fuel enters a separator and condensor
in which the uranium hexafluoride will be desublimtd
and thereby separated from the argon and helium.
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Fig. 9 - Schecmtic of col~fin.>~ Arx(m/{JF6 flow svste.m

Separated from the other gases, the uranium hexa-
fluorir!c will be liquifierl and then pumped lMck to
the injection pressure. Itir reCli,imed uranium
h~xa!luoririe will then be reconditioned for reinjcc-
tion into the core canister. The residual Y,;J:,(,s from
the uraniu~. hexafluoridc scpiira! ion will be s[ripped
of any trace quantities of uranium hexailuoride by
passing the gasvs thrc,u~h a NaF chc,mical trap. After
the hcliun is stiparaLrd fr[,m ItIt, ;Jrgon in a to”ld trap,
it is rcccaprc$s~d to il]j{ction pressures and is avail-
able to b. added LO the uranium hcxafluoride for re-
injectic,rr into the vortex chamber-. In a sirn!lar
fashion, the ar~on is reclaimed for continuous use as
a buffer &as. The reprocessing of Lhe uranium hexa-
fluoride fuel streaa with regard LO separation of
fission products and the handling of transuranlum
elezents is not considered in this system. 10 the
current uranium hexafluoride reactor experiments
their quantities are too .amall for engineering
studies. In addition, tt~ctrniques for the reprocess-
ing of nuclear ft]el are veil developed and on]!’ need
to be optinized for gaseous-fuel reactor application.

RSACTOR FOR POWER SYSTENS
A system study was performed reccntly”for

the U.S. Energy Research snd Development Arfmf.n-
istratlon (EFO\). (10) The objectivo of the. study
was to obtain preliminary design diit~ for a ga?eous
fuel reactor power station optimizrd with regard to

the physical sa[c~uarding of fisailc materinl, The
principal ground rules for the study were thitt:
(a) there should be a low fissilc mnterial iovcntory
in the reactor, (b) low fisslle material divercabil-
ity, and (c) minfim.rm fissilc material transporta-
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tion. The ~tud> de~7clop@d a CO:>:CP. of a 511scai IIcr

br~ecfer reactcr. That is, a hr, ~dcr rra:tfr sic}, L

breeding raci~ Of 1.0. This is achieved i!] [ht.
molten salt blanktt sho..m in Figure lCJ, wherein
thorium is con~erted to U233. The !mlccc sa][ is
conLinuu#sly processed, txcractin~ L’?3J and feeding

it to Ctie gas cores. The advantages froa the non-
proliferation s[andpoinc is thaL once the re~cror
has reached a breeding equilibrium only fertile
~aterial, i.e. thorium, would be delivered LO the

plant. The design :cncept also includes a fuel

cleanup SYSLC~. This means that the fissicn

fra&ment inver,tory Is kept at a mininum since r.h,:
fission fragments are continuously being renoved

from the systez and could then be removed from the
plant. The gaS core concept obviates [he prohlcms

that occur from the nect:=sity of storing ~pent fuel
elements as a convenriona! plant e=dst.
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Fig. 10 - Schem~clc of mixed flqw rcnctor

The sLudy investigated two design concepts;
one where heat is remo.,ed by g~s convection afid the

sec~nd where the rczctor is run at high temperacurc,
the fuel is a uranium plas= and heat is renoved by
radiatf,3n. In the first concept, the mhed flow

reactor, uranluc hexafluoride and helium gas are
intimately mixed ~nd injccced through a S1OL in the
peripheral wall which extends &long the entite lengtl,

of the cavity. The floii enters LangentiaIly and
establishes a vortex flow within the cavity, A

major fraCLiOn of the flrrh’ Is ~jLhdrab~ from the
cavity throu~h a perforated plate located in the
cylindrical peripheral wall of the fuel cavi~y. The
remainder of chc injected flow spirals radially in-
ward an? passes out of the fuel caviry thro~lgh central
end wall exhaust ports. This flow resides within the

CaVit)’ for a loll~cr period Of time than the flow re-
moJcd through the peripheral wall. Because of the
longer residence time in the coxity, it is heaLed to
a higher temperature. The conceptual dcisgn of this

re~ctor gives an overall dimension of 5 m diameter
●nd 9 m tall

The tran~fer of power froz the rcactrrr cavities

low [.~;,erl:cr, 1,...tc c.. L.,:,p,rr :,>~ivt’r~ it-. ~nerRv
rc .2 r.~s :tir!,il:: .ln~ iI bL,-&-. Ltil:.11~. 1:’.’,, l-cf.pe:-

: i ,..e 2 . (11) T!Ii v:rjou< flow circ~its, IgciuLing
a fis, .ion pr,.<~lcL cLe.Inup lnup and d d,vlc. f-r
~-:j~ : ~,:,! {:,:r~:ric,n fr.r a th,ril)~. Illr.:}:c:, arc
s:, 2.-:, ::. Flgu:r ?1, alon~; with \,. II UCi S L,I cv:p.rd:ure

c :, :. ;Ii...r .?-: the various $Latiorr hoLc chr: :ile
1 :.. Llc-~ar2:urf- sc.o:]d~ry helium loop J!so r~: .es
1.?=: f:am ri,t h,rylliuz ~:,dcrarur and the L~~o: )7

bla:li.e~
The r~?!.ror uses about 65 tons of molt,n S<IK

a=< 24 tolls G: ber}l:iuz. Thi ur.,niuG I,f:xa!lu.ride
and h(,ltum l.:}L.r cht. ~LIWeL cxLr~ctlon ]oup at 1225
K. ThP hea: is tra,):,ferrcd to a sccond~ry hcliun
ICC? rll~c drives A ~as Lurbine. In the fi:...ion
pr:<u:l cl(,nup loop a 5Z:J 11 fraction (lO-L) of the
flaw is bled !ro~ tl)~ fuel loop for cleanup. This
reactor is sized h[ a pnwer of -(lo mcgaua[cs thermal.

T:,.? :n.,entory of IJ233 in the sysci~ is as follows:
45 kg arc ca~~ained in Lhc cavi[ics, f, kg heat e>.-

ci~ngers, 16 Lg piping.? kg cit-cula:nr, 10 kg
ft~.sian protucr cle:nup loop, and IL k~ as necessary
ras=:~’( for initial s:arrup. Thr LoLal plan: in-
Vencorv Is 91 kc. I

h’lth respect to divercability. the cncire

invtincory coi[ld he removed, buL lt wuld res,,lt
in shutting the plant down. If, however, d+.ver

sfon were attemptud by taki[lC the fr~sl)ly-made
urarriun hexafluoride, the reacLol would become
aukritical atccr removal of ot)ly 4 kg of urarl~ull.

The second concept, ctle plasrn~ l-ea:cor, was
exzcinu~ because of Lhc possibility of I,ifil,er
ef~iciency, IL also has a considerably laxer fi~sil{
jr::<-,” ,r. Since the plasma reaclur fur:] is Ura:.iur.

a: 509!1 K, i?; Argon buffer gas is cilcu!:ltcd in
vc:t~ tO keep th~ uraniun away from [h+ walls. The
cells are cu.]flgured as shown ill F!gurc 12, hcsc .er,
cFj~ dimensions arc sornewhac smaller th,q:: those O! Lhe
mi-xed flew reactor. The cell diameter is 1/2 m cnd
tha len~th of a CCJ.1 is 1.85 m. TI]c C.lses irre nmt
pre=ixed. The argon is injec:ed tt,rou[,h [},? ‘1]: in
Lb: wall and the uranium throu&h cnd wail l~orrs
located at a radius of 0.2 n. The cxh.lust fS a~,J[n
tk,:?cgn both side wall and cnd ports. Because 01 tht,
s-tili~r cavicy size there is a dramatic redurriw., of
alj =a~erial wejght$. OnlY 16 Cons of salI and S tons
C: beryllium ar~ required. The fissilc invenrnl> in
the system is as foll~ws: 16 kg jn the caviLiti5, 3 kg

in the sepal.:or, 1 kg in th: fuel irjection duct, 1
kg in the piping, 2 kg in Lhe circulator, 22 kg rw-
quired for initidl startup reserves. The resultl[)&
tocai is 45 kg.

COSCI.USIONS
The gaseous fueled reactor system has the

po:cntial OL several distinct advantages as an
advanced pow~r source, Because of these advan-
tages ic appears possible that this may be an ideal
reactor for power prcductiou and for spice propul.slon.
Characteristic such as high operating cfflcisvrcy znd
lo,~ uranium inventory are particularly irttractitcm
Ad~anccs in certain technology rsrcls uust be accom-
plished before it will be possible to produce an

engineering design for a gaseous fueled power ntntion.
Corrosion problens of fluorine and urani~lm hcxafluorlde
with materials must be solved, however,, rcccnt ud-
vances indicate these prohlcrns arc nut iuwrmountable.

is accomplished bj
+e ❑ti.ture, which

the efflucnc of uranium he~afluo~e The vortex flow of bui~er gas confinement obvlntes the

through a combination of high and most ceverc environment in the flow sys(cm. Tl)e
feasibility of such comfincrrrent has baen demonstrated
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Fig. 11 - !41xed fli)w r(,ti(-[(,r l,,,..,,.r ,.AI ~,,,. t 1(,n I,, on
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successfully for b~all-ticale dcvlrtis and the nrt.~ent
experimental activity 1s aim?d ● t demvnstrntion of
the plinciple in the reactor environment at moderate
pouer levelfi.
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